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Abstract: Real time transmission, which is delay sensitive, is an important aspect of application-layer multicast. It
is crucial to build an efficient multicast tree to guarantee the lower delay. This research is focused on the algorithms
of the minimum-delay spanning tree for the application-layer multicast. Firstly, it is stated that the total delay is
affected by communication delay, processing delay and the degree of nodes. Then the network is modeled into the
node-and-edge-weighted directed graph with the limited degree of nodes. In this model the problem is shown to be
NP-hard. Therefore, two kinds of heuristic algorithms are proposed, which are based on the maximum degree and
the maximal length path respectively. Finally, the simulation demonstrates that the proposed algorithms are valid.
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Table 1 Delay-Constrained spanning tree problems in application layer multicast
1
Target Problem

Delay-Constrained minimum spanning tree problem (DCM)™!
Minimum average-latency degree-bounded directed spanning tree problem®
Minimum-Diameter degree-limited spannin% tree problem (MDDL)™

Average delay minimum

Minimum delay Minimum delay multicast problem (MDM)!
Delay-Constrained shortest path tree problem[6]
Constrained delay Delay-Constrained minimum spanning tree problem (DCMST)™
, ——DCMD(degree-
constrained,minimum delay spanning tree for node-and-edge-weighted directed graph).DCMD
3 . , DCMD
DCMD , , 3
MDM ( ) MDDL
( ) - MDM  §
H-MDM . . o
Floyd-Warshall ] 2.2 H-MDM
MDDL , [2] CT ) Prim , ,
; [10] , MDM MDDL
3 , 3 )
) , DCMD
1 DCMD , DCMD NP-hard. 2
3
1
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© PR http:/ www. jos. org. cn




1768

Journal of Software 2005,16(10)
, « - D) (
“ 7, Se). , :
D=max{Q  _,(Se+Tr)} 1
,P f TV,' i
) 3
1(DCMD ).
G(V,E). vel, cvleR™, deg[vl] vl c[v] = f(deg[v]) f(x)
; v A"y G deg,[v] deg,[v1=2d™[v]; eckE plele R*.
: T(V,E"), T deg[v] deg,[v]<d™ ] .
DCMD NP-complete B ETB
G(V.E), seV rcv;
, . ™ , s T
=V B
1. DCMD NP-hard.
TB o« NP — complete , DCMD o NP — hard , TB o« DCMD . leTB
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) , . ,H-MDM DCMD
(a) The input graph (b) The H-MDM tree
() (b) HMDM
Fig.1 Example that node degree is very large in the H-MDM tree
1 H-MDM
, H-MDM , DCMD-H. , H-MDM 2,
, DCMD-H
, NP-complete o, ,
320 ) 3 ,
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G(V.E), d™, , 7, SIxX)=wotx-w.
T.
7=, r T
1) pu,v)=p(u,v)+wo;
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, vel, , u deg[v]<d™ V], 1(r,u) u;
1. (ru) T T
I1. v T deg[v]+1 cqlv].
Dijkstra , O(|V*);While
m : o(r). 3 o).
,DCMD-H H-MDM , ,
“or , “or . DCMD-H
DCMD ,  H-MDM MDM o1 , ,
H-MDM , H-MDM

H-MDM

© PEEREBEAD

http:/ www. jos. org. cn



1771

, DCMD-H
3
, 3
, . GT-ITM ,scale=100,n=|V],0=
)2 14 100x100 . Xy
,x~N(50,50),y~N(50,50), 0<x,y<100. GT-ITM ,
1>20 , Knuth GT-ITM,
1<d™<10.
DCMD NP-hard, ! ,
dis™ = max{ 3 , = SO . (dis™
eei
/10,;1 .
3.1 dis™
, Ne )2 Ne=4 | |7=20, p=0.2; |7=400,
p=0.001. 320 / , 2, 20 . Sx)=wotdeg[v] - w,we=4,w=1.
2 k=5. 2 20 . 2 , 3 dis™ ,
) 1 ) dis™™ 5 | , :
2 3 , 2 3 dis™.
Table 2 Computational results of the three algorithms for DCMD problem
2 3 DCMD
Ne=4 Ne=6 Ne=8
Scale s Spanning tree delay dis™ Spanning tree delay dis™ Spanning tree delay
1S Alg3  Alg2 Alg1 |4S Alg3 | Alg2 | Alg1 | “¥ Alg3 | Alg2 | Alg1
20 211 216 229 333 154 160 174 253 122 134 142 197
50 286 293 309 545 184 204 216 397 154 176 192 339
100 300 316 345 605 250 269 287 607 183 200 240 566
Random 150 291 304 348 777 240 262 282 682 181 203 243 638
graph 200 364 379 412 904 232 275 318 820 207 234 259 692
300 362 379 383 1098 262 289 319 942 220 241 285 828
400 414 432 474 1242 280 301 331 1086 218 227 311 1040
500 425 425 505 1355 301 321 367 1357 - - - -
20 67 74 84 112 47 54 57 87 40 48 53 79
50 87 97 103 172 58 73 87 133 51 65 75 120
Normal 100 98 110 107 204 75 88 100 196 64 79 89 183
distribution 150 96 109 126 256 76 92 100 224 64 83 90 202
raph 200 113 128 136 310 82 99 104 272 68 89 102 228
grap 300 | 105 122 130 366 | 81 104 110 314 | 79 9% 107 273
400 126 142 153 383 95 113 126 377 73 95 106 325
500 133 150 153 451 92 118 131 431 - - — -
Note: (1) Alg=algorithm;(2) “Normal distribution graph” means the graph where nodes’ coordinate follow Normal Distribution.
20 ;
3 , 5o LQIL—di™ |
2047 dis™
100%, dis™ , L; 3 0
3.
. , 3 ,0=3%~5%.
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Fig.2 The relation graph of scale (x axis) and the spanning tree delay (y axis) in the random graph
2 &) o)
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(3) Ne=4 (b) Ne=6 (c) Ne=8
Fig.3 The relation graph of scale (x axis) and the spanning tree delay (y axis) in normal distribution graph
3 ) o )
Table 3 Comparsion between dis™ and the computional results of Algorithm3
3 3 dis™>
S
Scale Random graph Normal distribution graph
Ne=4 Ne=6 Ne=8 Ne=4 Ne=6 Ne=8
20 3 4.2 10.4 11 14.9 215
50 3 1.1 15.6 10 29.1 29.2
100 5 7.9 9.4 13 17.3 26
150 4 9.5 12.6 14 22 325
200 4 6.6 13.1 14 19.9 324
300 5 11 10.1 16 26.0 226
400 4 7.8 14.2 13 20.8 325
500 5 6.8 - 13 20 -
Average 4.125 8.1125 12.2 13 21.25 28.1
3.2
3.1 o) ( ),
; ? 20 500
, 2 p (4 P02, p
p 0.2 0.5, 1/10. p=0.2 2 dis™ 2
dis™
, , 3 dis™ , dis™ 10%
; 2 , dis™  20% . 1 , , ,
dis™™  3~5 . , 500 100x100 , 02 ,
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Fig.4 |7]=500, the relation graph of the spanning tree delay (SPD)
and the connection probability (CP)

4 |V|=500, p
4
——DCMD, NP-hard.DCMD ,
o(vP), o(IM; o).
, 3 ; 3 j , 3
dis™ 10% ] 2 20% . , 2
dis™ , , 2 3
, DCMD , ;
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